Introduction
============

After remaining fairly constant for most of human history, life expectancy, the average number of years a person can expect to live, has nearly doubled in the last 100 years.[@B1] As people live longer, the leading cause of death in the Western world has shifted from infections to chronic diseases, with atherosclerosis and osteoporosis among the most prevalent.[@B2] As systemic health deteriorates with age, so does oral health in the form of periodontitis and tooth loss.[@B3]-[@B5] Research has identified some commonalities between atherosclerosis and osteoporosis, including the ability to screen for both, to varying degrees, with the dental panoramic radiograph.[@B6]-[@B14] This routine dental radiograph would provide a cost-effective way to screen a large population to identify those most in need of further diagnostic follow-up.

In the United States (US), approximately 730,000 strokes occur per year,[@B15] making it the third leading cause of death.[@B2] Stroke is linked to peripheral vascular disease, including atherosclerosis of the carotid artery. Atherosclerosis is a progressive disease process that remains relatively asymptomatic until stroke occurs,[@B2] making early identification a critical step in improving morbidity and mortality. Accurate and inexpensive, duplex ultrasound is the gold standard for the diagnosis of carotid artery stenosis; however, screening a large symptom-free population has been shown to be cost-ineffective, even in the elderly.[@B16] Soft-tissue calcifications of the plaque in the carotid artery, also known as calcified carotid atherosclerotic plaque (CCAP), can be identified in a routine panoramic radiograph.[@B6],[@B17],[@B18] This supports evaluation of existing panoramic radiographs routinely taken for dental diagnosis as a minimally invasive, highly cost-effective screening tool to refer patients for further follow-up if needed.

Osteoporosis, another prevalent chronic disease, affects 55% of Americans over 50.[@B19],[@B20] Characterized by decreased bone mineral density (BMD), osteoporosis is often not detected until a fracture occurs.[@B21] After hip fracture, 20 percent of patients die within one year.[@B22] Early intervention of those at-risk for fracture can enhance bone mass retention and reduce the risk for fracture.[@B23] Many recent studies have developed qualitative and quantitative measurements on panoramic radiographs to identify at-risk segments of the population. Mandibular cortical width at the mental foramen, either measured or estimated, and the Klemetti index, a method for characterizing the mandibular cortex, have been identified as better panoramic radiographic indicators of general bone mineral density than BMD classification;[@B9]-[@B11],[@B13],[@B14] although some studies recommend that they only be used in conjunction with other clinical risk factors.[@B7],[@B8] Nakamoto et al reported good results when these techniques were used by untrained general dentists to identify osteoporosis risk groups.[@B12]

Panoramic radiography is routinely used for dental diagnoses, with millions taken annually worldwide either as an alternative, or as a supplement, to intraoral radiography.[@B24],[@B25] Existing data confirm the extensive use of panoramic equipment, with estimates of the proportion of dentists using panoramic radiography ranging from 26% to 60% in the US.[@B26]-[@B28] If routine dental radiographs could be utilized for identifying and triaging individuals with systemic conditions such as osteoporosis and CCAP, the potential exists for early interventions leading to improvement in quality of life.

Periodontal disease, a bacterial infection leading to loss of soft tissue attachment and resorption of alveolar bone, eventually leading to tooth loss, affects 14% of adults aged 45 to 54 and 23% of 65 to 74 year olds and is the etiology of edentulism in 30% of adults 65 years and older.[@B29] Studies have found associations between periodontitis and chronic systemic diseases.[@B30] Radiographic methods of estimating or measuring bone loss on a panoramic radiograph or a panoramic radiograph plus bitewings are also standard and have been used to show associations between periodontitis and chronic systemic diseases.[@B6],[@B31],[@B32]

The current literature not only shows the association between atherosclerosis and osteoporosis,[@B33]-[@B36] but also shows a link between alveolar bone loss due to periodontitis and carotid calcification, suggesting that periodontitis-associated inflammation might play a role in cardiac disease. [@B32] The association between periodontitis and osteoporosis has also been documented in the literature. Low mineral status in the skeleton measured using the Klemetti index correlates with higher occurrence of horizontal alveolar bone loss in the mandible,[@B37] and patients with good mineral status were shown to be able to retain teeth with deep probing depths more easily than those with osteopenia/osteoporosis.[@B31] Taguchi et al found that measurements of mandibular cortical width also correlated with tooth loss in women in their seventh decade of life; however, this association was not found in men regardless of age.[@B38] In one study, the likelihood of having carotid artery stenosis and radiographic evidence of periodontitis was high, with a dose-response relationship.[@B6] Evidence of associations relating atherosclerosis, osteoporosis, and chronic periodontitis together have been suggested, but not without dispute. Chronic periodontitis may be an independent risk factor for atherosclerosis and there might be an association between chronic periodontitis and osteoporosis.[@B39] Many inflammatory mediators are shared among the three diseases; specifically, research in mice has shown that they are linked via a common expression of the lipoxygenase genes and that these genes could provide a means for developing therapeutics.[@B40]

The aim of this study was to assess the coincidence of radiographic osseous changes related to osteopenia/osteoporosis and periodontal bone loss in patients showing calcified carotid atheromatous plaques in panoramic radiographs. Establishing these correlations could not only support other evidence of these disease correlations, but also encourage the role of dental practitioners in screening for osteoporosis in patients with calcified carotid atheromatous plaques and/or periodontal bone loss in panoramic radiographs.

Materials and Methods
=====================

One hundred eighty five panoramic radiographs showing frank evidence of CCAP (With CCAP group) detected during the routine diagnosis and treatment planning process for dental conditions were selected from among the patients of the School of Dental Medicine by a panel of two board-certified oral and maxillofacial radiologists. An example of this panoramic finding is shown in [Figure 1](#F1){ref-type="fig"}. A control group of 234 digital panoramic radiographs were also randomly selected with a matched age range of 34-94 (the age range of the With CCAP group was 30-93). These panoramic radiographs were reviewed by the two oral and maxillofacial radiologists to confirm the absence of panoramic CCAP in this group (Without CCAP).

All of the panoramic radiographs included in the study were obtained from the patient population at the dental school from 2006 to the present and taken with an OP 100 D (Imaging Instrumentarium, Tuusula, Finland) by radiology certified experienced dental assistants with the patient\'s head in the recommended position. Bitewing radiographs taken within 1 month of the panoramic radiograph were also reviewed, as a supplement for evaluating the radiographic periodontal status. These were taken with Planmeca intra-oral X-ray equipment (Planmeca Oy, Helsinki, Finland) set at 70 kVp, 8 mA, 0.08-0.1 s using Schick Elite sensors (Schick Technologies Inc., Long Island City, NY, USA). The MiPACS software (version 3.1.459 Medicor Imaging, Charlotte, NC, USA) was used to acquire, view, and analyze all of the radiographs in this study.

The inclusion criteria used were optimal diagnostic radiographic quality, presence of 4 or more teeth, and the inclusion of the region of the common carotid in the panoramic radiographs.

Radiographic assessment
-----------------------

MiPACS software was used to acquire, view, and analyze the 419 panoramic radiographs in this study. 3 observers completed the observations. Two of the observers were board certified oral and maxillofacial radiologists, and the third observer was a general dentist. The observers were provided a ramdomized list of electronic chart numbers of the 419 patients for their observations. If there was partial agreement among the observers, with 2 of the 3 observers recording the same score, the same score recorded by the 2 observers was accepted as final. When all 3 observers were in non-agreement, a consensus was reached on a case-by-case basis. All of the radiographic assessments took place in a quiet room with subdued ambient lighting appropriate for radiographic viewing.

The following radiographic observations were made with respect to osteopenia/osteoporosis and periodontal bone loss:

Mandibular cortical index as a measure of osteoporosis
------------------------------------------------------

The appearance of the mandibular inferior cortex was assessed bilaterally and classified, based on the index developed by Klemetti et al[@B8] and modification suggested by Ledgerton et al[@B41] as follows. [Figures 1](#F1){ref-type="fig"}-[4](#F4){ref-type="fig"} are representative images in categories C1-C3, respectively.

C1: The endosteal margin of the cortex was even and sharpC2 Early: The endosteal margin presented semilunar defects (lacunar resorption) or appeared to form endosteal cortical residues but with normal cortical width by visual estimationC2 Late: The endosteal margin presented semilunar defects (lacunar resorption) or appeared to form endosteal cortical residues extending beyond 50% of the cortical width, with intermediate or very thin cortical width by visual estimation.C3: The cortical layer formed heavy endosteal cortical residues and was clearly porous, with C2 Late and C3 identifying those patients at greatest risk of osteopenia/osteoporosis. Both sides of the mandible were evaluated, and when the right and left sides presented different classifications, the more severe classification was used.

Radiographic assessment of periodontal bone loss
------------------------------------------------

Horizontal bone loss greater than 3 mm on the mesial and distal aspects of the remaining teeth as well as interradicular bone loss was assigned a score of 0-3 based on the following classification.[@B42]

0: interproximal bone levels within 3 mm from the cemento-enamel junction and crestal bone intact and no interradicular radiolucency.1: if the extent of overall bone loss was less than 25%2: if the extent of bone loss varied between 25% and 50%3: if the overall extent of bone loss exceeded 50% of the root length

The most prevalent assessment of bone loss in all sextants was considered the final periodontal status.

Other data collected from the electronic patient records included patient age, gender, number of teeth, history of smoking, history of diabetes, past history of cerebrovascular or cardiovascular accident, and body mass index (BMI). This information was obtained from the medical history available in the patient\'s chart. The history included just the presence or absence of diabetes, plus cardiovascular accidents such as heart attacks and/or strokes. The BMI was calculated using the weight and height of the patient, also included in the patient\'s chart. Mann-Whitney U and chi-squared tests were used to analyze the data obtained.

The study was approved by the university\'s institutional review board (IRB).

Results
=======

De-identified data were entered into an Excel spreadsheet and checked for accuracy before importing the file into statistical software (SPSS version 19, IBM, Armonk, New York, USA) for analysis. Descriptive statistics were run to assess the distribution of all clinical variables for the sample as a whole and by \'With CCAP\' and \'Without CCAP\' groupings. The mean age, gender distribution, mean BMI, number of teeth, incidence of history of cerebrovascular or cardiovascular accident, smoking, and diabetes of each of the two groups is presented in [Table 1](#T1){ref-type="table"}.

Comparing the two groups, the number of teeth, (Mann-Whitney U test) in the Without CCAP patients group was higher (22.43) than that in the With CCAP group (19.55). This was statistically significant with a p-value\<0.001 ([Table 1](#T1){ref-type="table"}).

With regard to the mandibular cortical index, C1 and C2E were grouped together and C2L and C3 were grouped together for the data analysis. Comparing the two groups in terms of the mandibular cortical index (chi-squared test), 21/234 patients in the Without CCAP group had osteopenia/osteoporosis versus 44/185 in the With CCAP group. This difference was statistically significant with a p-value \<0.001 ([Table 1](#T1){ref-type="table"}). There was also a statistically significant difference (p-value\<0.05) in the BMI between the two groups, with the BMI being higher in the With CCAP group.

There was no statistically significant difference in the incidence of periodontal bone loss (Mann-Whitney U) and history of smoking (chi-squared test) between the groups. [Table 1](#T1){ref-type="table"} presents the descriptive data.

Comparing the two groups regarding the history of cerebrovascular or cardiovascular incidents (chi-squared test), there was a higher proportion of patients with this relevant medical history in the With CCAP group, and the difference was statistically significant with a p-value of 0.001 ([Table 1](#T1){ref-type="table"}).

The correlation of CCAP with a history of diabetes mellitus was significant, with a p-value of 0.005 (chi-squared test), with 35/178 of the With CCAP group members having a positive history compared to 22/233 in the Without CCAP group.

Assessment of the association of periodontal bone loss with the mandibular cortical index also showed statistical significance (p=0.014) (Mann-Whitney U test). There were 313/354 patients who had positive radiographic findings for periodontal bone loss but were negative for osteoporosis, while 62/65 patients presented with positive radiographic findings for both periodontal bone loss and osteoporosis.

Discussion
==========

A limitation of the current study was the lack of confirmation of CCAP detected in panoramic radiographs with Doppler ultrasound. However, the reliability of diagnosis of CCAP in panoramic radiographs has been documented by previous studies.[@B19],[@B43] Damaskos et al concluded that panoramic radiographs, as a tool for prediction of luminal stenosis of more than 80%, had a 100% positive predictive value and could be highly suggestive of the presence of carotid artery atherosclerotic occlusive disease.[@B44] We found a statistically significant correlation between the presence of panoramic CCAP and a positive history of heart attack or stroke which was in agreement with other studies that concluded that patients with detectable carotid plaque in panoramic radiographs required referral to a physician for further investigation, as they were more likely to have suffered cerebrovascular events.[@B17],[@B45] The above correlation in our study could indirectly support the efficacy of panoramic detection of CCAP. Incidental CCAP findings on dental panoramic radiographs have been considered powerful markers for future cerebrovascular and cardiovascular events and death.[@B46] Cohen et al also concluded that patients found to have carotid calcification on dental panoramic radiographs should be referred for cerebrovascular evaluation and aggressive management of vascular risk factors.[@B46]

In the current study, the incidence of osteoporotic mandibular cortical changes was higher in patients with CCAP, and this was statistically significant. This was in concordance with Jørgensen et al, who found that low bone mass was associated with an increased risk of echogenic calcified atherosclerotic plaque,[@B35] but found no association between bone mineral density (BMD) and echolucent (lipid) plaques.[@B35] Pennisi et al also found that patients with carotid or femoral atherosclerotic plaque had a considerably low total body and regional bone mass and found a high occurrence of osteoporosis in patients with peripheral vascular disease independent of age and gender.[@B34]

The National Osteoporosis Risk Assessment demonstrated that large segments of the population with no previous diagnosis of osteoporosis were at risk for osteoporotic fracture.[@B47] It is difficult in clinical practice to refer all postmenopausal women for BMD testing when considering the cost-effectiveness, as well as the limited number of facilities and trained personnel. The aim of our study was to assess the coincidence of panoramic radiographic evidence of CCAP and osteopenia/osteoporosis, and we found a statistically significant association. While assessing the diagnostic efficacy of panoramic radiographs in detecting CCAP or osteopenia/osteoporosis, it should be borne in mind that these happen to be incidental findings on routine dental radiographs, which could have a significant effect on the overall health of the patient. When CCAP is detected on panoramic radiographs, assessment for coexisting osteopenic/osteoporotic changes could greatly improve morbidity and mortality if the dental team identifies these potential systemic conditions and provides appropriate timely referrals.

Contrary to many epidemiological studies that have suggested an association between periodontitis and cerebrovascular disease, we found no correlation between periodontal bone loss and CCAP.[@B32],[@B48],[@B49] This study was, however, in agreement with Hujoel and others, who found no statistically significant association between periodontitis and the presence of CCAP.[@B50] It is noteworthy that assessment of periodontitis in many studies was on clinical and not radiographic measures of periodontitis. It is interesting to note that while there was no correlation between CCAP and periodontal bone loss, the number of teeth present was significantly higher in patients without CCAP (p-value\<0.001). Periodontal disease as an etiology for tooth loss has been documented in the literature.[@B51] The lack of correlation between periodontal bone loss and CCAP in our study could possibly be related to how periodontitis was defined, as other studies have primarily used clinical attachment loss and increased probing depth, while we used radiographic assessment only.

A history of smoking was not related to CCAP in our study, which was in disagreement with other studies that clearly recognized smoking as a contributor to carotid plaque formation.[@B52] We did not account for smoking when assessing the correlation between CCAP and periodontal bone loss. This was in disagreement with the cross-sectional study conducted by Persson et al,[@B32] who concluded that the association between cardiovascular disease and periodontitis was significant when smoking was not accounted for. However, when they included smoking in the analysis, this association disappeared. They attributed this finding to decreased statistical power, among other factors. We believe our results may have also been influenced by decreased statistical power. Another confounder could be the way in which the smoking and non-smoking groups were formed. Past and current smokers comprised the smoking group, without taking into account how long ago past smokers had stopped smoking. Studies have shown that the risk associated with smoking decreases rapidly and reaches that of never-smokers within 2-5 years of quitting.[@B53]-[@B56] Another factor that could influence the effect of smoking is dietary habits, which was not included in this study. It has been documented that dietary habits, specifically fruit and vegetable consumption, results in larger reductions in the coronary heart disease risk in smokers than in nonsmokers.[@B57]-[@B59]

We found a statistically significant correlation between a documented history of diabetes mellitus and panoramic CCAP, which concurred with findings by other authors. The overall relative risk of stroke and recurrent stroke was reported to be greater in patients with diabetes mellitus.[@B60],[@B61] Our study included just the documented presence/absence of diabetes mellitus in the medical history, as it was not one of the primary objectives. The BMI was statistically significantly higher in the With CCAP group (p=0.047).

In conclusion, this study identified a possible concurrence of CCAP and mandibular cortical morphological changes secondary to osteopenia/osteoporosis in panoramic radiographs. We recognized the potential use of routine dental panoramic radiographs in screening for CCAP and/or determining the mandibular cortical index, so referral of these patients to appropriate health professionals could result in early intervention when needed.

![A panoramic radiograph shows bilateral linear soft tissue calcification in the cervical areas most consistent with calcified carotid atheromatous plaque. The inferior mandibular cortex represents the C2 Early stage of osteoporosis, showing semilunar defects with a normal cortical width by visual estimation.](isd-43-235-g001){#F1}

![The inferior mandibular cortex on this panoramic radiograph represents the C1 stage of osteoporosis, showing an even and sharp endaosteal margin of the cortex.](isd-43-235-g002){#F2}

![This panoramic radiograph shows the C2 Late stage of osteoporosis, showing semilunar defects extending more than half the cortical width of the inferior mandibular cortex with a very thin cortex by visual estimation.](isd-43-235-g003){#F3}

![The inferior mandibular cortex on the given panoramic radiograph appears clearly porous (C3 Stage).](isd-43-235-g004){#F4}
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Comparison of the With CCAP and Without CCAP Groups
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(CCAP: calcified carotid atheromatous plaque, BMI: body mass index, SD: standard deviation)
